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Background Sublingual nitrates are much more effective in relieving angina pectoris in patients with coronary artery disease than in patients with syndrome X, but it is not known whether their effect on exercise tolerance is also different in these two groups of patients.
Methods and Results Treadmill exercise testing was performed before and after administration of sublingual isosorbide dinitrate (ISDN, 5 mg) in 18 patients with syndrome X (effort angina and normal coronaries, group X) and in 33 patients with documented coronary artery disease (group C). As a selection criterion, all patients had ST-segment depression >1 mm on the control exercise test. Compared with the control test, the main differences in the two groups observed during the exercise test after administration of ISDN were (1) heart rate at 1-mm ST-segment depression was higher (126±25 versus 104±15 beats per minute [bpm] , P<.01) in group C, whereas it was not different (125±15 versus 126±16 beats per minute) in group X; (2) the rate-pressure product at 1-mm ST-segment depression, the time to 1-mm ST-segment depression, and the exercise duration were significantly imSyndrome X is diagnosed in patients with effort angina and ST-segment depression on the exercise ECG who are found to have normal epicardial coronary arteries at angiography.1"2 Myocardial ischemia caused by abnormalities in the function of small coronary arterial vessels has been hypothesized to be the cause of the syndrome.2'3 Indeed, a reduced coronary flow reserve, as indicated by an impaired response to vasodilator stimuli, has been demonstrated in a group of such patients,3-5 although the mechanism(s) of the microvascular abnormality are not known for the moment. Chest pain in patients with syndrome X is often indistinguishable from that occurring in patients with stable angina and atherosclerotic coronary disease. 6 Also, the accurate analysis of noninvasive tests such as ECG exercise testing,7-9 Holter monitoring,10 and radionuclide techniques"l-" does not allow a reliable prediction of coronary stenosis in patients coming to medical attention because of effort anginal pain.
It is well known that the acute administration of sublingual nitrates is highly effective in both relieving
Conclusions In patients presenting with anginal chest pain, the effects of sublingual nitrates on exercise testing appear to be clinically useful to distinguish patients with coronary artery stenoses from patients with syndrome X. Indeed, worsening of exercise tolerance is highly predictive of normal coronary arteries. Furthermore, the failure of nitrates to improve exercise tolerance in patients with syndrome X suggests that a deficiency in coronary prearteriolar nitric oxide production is unlikely to play a key role in the pathophysiology of the syndrome. 
ECG Stress Test
All treadmill exercise tests were performed in the morning, according to a symptom-limited Bruce or modified Bruce protocol. The Bruce protocol was used in 5 patients of group X (28%) and 8 of group C (24%). Three ECG leads (V,, aVF, and V5) were continuously monitored during the test, and up-to-date averaged QRS complexes of all ECG leads were continuously displayed on the screen. A standard 12-lead ECG was printed and blood pressure measured by a cuff sphygmomanometer at the onset of the test, at the end of each stage, and at peak exercise as well as at 1-mm ST-segment depression, when chest pain occurred, and when it was clinically indicated. Several 12-lead ECG strips were printed when ST-segment depression started to appear on the screen in order to time exactly when 1-mm ST-segment depression occurred. A recovery time was allowed of either 7 minutes or until ST-segment normalization was achieved, with ECG and blood pressure being recorded every minute.
The exercise test was terminated when one or more of the following end points were reached: (1) physical exhaustion; (2) progressive angina; (3) ST-segment depression >3 mm; and (4) the occurrence of other harmful conditions such as hypotension, severe arrhythmia, and dyspnea. Myocardial ischemia was diagnosed when a horizontal or downsloping ST-segment depression of 1 mm at 0.08 seconds from the J-point was observed in at least one lead.
All patients needed to have a positive basal exercise stress test to be included in the study. The test was repeated in the same session after sublingual administration of 5 mg of ISDN. The second test was started after 30 minutes from both ST-segment normalization and return of heart rate and blood pressure to basal values and 5 minutes after the complete sublingual absorption of the drug. The same type of protocol (Bruce or modified Bruce) was used in each patient. The ECG strips of both tests were evaluated independently in a blind fashion by two cardiologists; in case of disagreement, the matter was resolved by consensus.
To evaluate the response to ISDN of each patient, we compared the duration of exercise, the time to 1-mm STsegment depression, the time to angina, and the rate-pressure product (heart rate * systolic blood pressure) at both 1-mm ST-segment depression and at angina observed on the two tests of each patient. The values at the peak of exercise were used for statistical analysis when ST-segment depression and/or angina did not occur during the second exercise test.
The following criteria were fixed in order to judge the effects of ISDN on the exercise variables: (1) the time to 1-mm ST-segment depression, the time to angina, and the duration of exercise were considered improved when they were prolonged by at least 120 seconds, whereas they were judged to be worse when they were decreased by 60 seconds or more compared with the control exercise test; (2) the rate-pressure product at 1-mm ST-segment depression and rate-pressure product at angina were considered to be improved when they were increased by .2500 bpm mm Hg compared with the basal value, whereas they were considered worsened when they were decreased by <2500 bpm mm Hg compared with the basal value.
The effect of ISDN on the exercise stress test was considered to be negligible (that is, to have no effect) in the case of intermediate values. All the parameters of exercise testing were considered improved after ISDN if there was no STsegment depression on the ECG and the test had to be stopped because of exhaustion, in the absence of any symptoms.
Statistics
The comparison of continuous variables within groups was made with a paired t test when they showed a normal distribution, whereas a Wilcoxon signed rank test was used when the data did not fit to a normal distribution, as evaluated by the Kolmogorov-Smirnov test. of group X and in none of group C patients (P<.0001). Similarly, the rate-pressure product at 1-mm ST-segment depression was reduced in 8 group X patients (44%) and in none of group C (P<.0001). Conversely, normalization of the exercise ECG after ISDN was observed in 10 group C patients (30%) but in only 1 group X patient (5%, P<.001); similarly, effort angina was prevented by ISDN in 10 of 19 (53%) group C patients but in none of 8 group X patients (P<.01). No significant correlation was found in group X patients between changes in resting values of systolic and diastolic blood pressures induced by ISDN and changes in exercise end point variables, suggesting that the decrease in resting blood pressure, and therefore in coronary perfusion pressure, induced by ISDN did not contribute significantly to reduce the ischemic threshold in our patients.
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Discussion
The results of this study show that in most patients with syndrome X, sublingual ISDN had no beneficial effects and even had detrimental effects on exercise testing, in sharp contrast with the significant improvement in exercise tolerance in the majority of patients with coronary artery disease. As a consequence, the response of exercise testing to sublingual nitrates appears to be useful to differentiate among patients with anginal pain and exercise-induced ST-segment depression, those with angiographically normal coronary arteries. Furthermore, the lack of beneficial effects of nitrates in patients with syndrome X also has some pathophysiological implications.
Often, patients with syndrome X cannot be distinguished clinically from patients with coronary artery disease,6 and the results of an ECG exercise test do not provide reliable evidence of the presence or absence of obstructive coronary disease in patients with anginal chest pain7-9 even when a multivariate approach is used.9 Also, in several patients with syndrome X, stress myocardial scintigraphic techniques often show perfusion defects and/or regional contractile alterations similar to those found in patients with coronary artery disease. [11] [12] [13] Our data show that in patients with effort angina and exercise-induced ischemic ST-segment depression, the response to sublingual nitrates of exercise testing can be useful to predict the presence or the absence of obstructive coronary lesions. Indeed, in our study groups There are several possible explanations for the negative effects of nitrates in patients with syndrome X. Effort angina in these patients is usually believed to be due to small coronary vessel disease,2,3 although the site (ie, arteriolar or prearteriolar)218 and the pathophysiological mechanisms of the dysfunction remain unknown and may not be the same in all patients.
The mechanism(s) of the adverse effects of nitrates on exercise ischemic threshold in syndrome X are similarly not clear. To explain dipyridamole-inducible angina and ischemic ST-segment changes, a primary increase in prearteriolar vasoconstriction has been hypothesized as the probable main cause of the syndrome.218 An abnormal adrenergic reactivity, which has been reported previously in patients with syndrome X19,20 and is suggested in our study by the consistent increase in basal heart rate after ISDN administration, could contribute to enhancement of vascular constriction of dysfunctional prearterioles through a-stimulation. On the other hand, the observation that nitrates fail to improve and may even worsen exercise tolerance in patients with syndrome X does not support the hypothesis that a defective production of the endothelium-derived relaxing factor nitric oxide (NO) by small coronary vessels is a major cause of syndrome X. This possible mechanism has been proposed based on the observation of an impaired coronary vasodilator response to acetylcholine of both epicardial21 and resistance vessels22-24 in some patients with syndrome X.
Exogenous nitrates exert their endothelium-independent vasodilator effect on epicardial and also on prearteriolar resistance vessels through the release of NO from their molecules. 25 Thus, if a reduced NO production was the only or the main cause of the microvascular dysfunction in syndrome X, one would expect the dysfunction to be corrected by the administration of ISDN because the vasodilator response of vascular smooth muscle to the administration of exogenous nitrates has been shown experimentally to be strongly enhanced in the presence of a deficient NO production.26 '27 In fact, the impaired vasodilator response to intracoronary acetylcholine found in previous studies may be due to mechanisms different from a deficient NO generation, including a defective endothelial release of the vasodilator endothelial hyperpolarizing factor,28 a direct vasoconstrictor effect of acetylcholine,29 a release of endothelin,30 and a primary increase in microvascular tone with a reduced vasodilator response of vascular smooth muscle cells to NO. 31 Our findings, however, do not exclude that a deficient NO generation in arteriolar vessels may be implied in syndrome X because the effects of nitrates on these vessels are negligible, owing to the poor ability of arterioles to convert exogenous nitrates to NO (or to its nitrosothiolic derivative).25 However, the possibility that the microvascular abnormality resides in arterioles has been questioned,2"18 and preliminary data suggest that the regulation of coronary blood flow by NO is likely to be mainly operating in prearteriolar rather than in arteriolar vessels. 32 Our findings also would be compatible with a nonischemic origin of chest pain and ST-segment depression such as a dishomogeneity in cellular potassium currents in different parts of the myocardium33 or an increased stimulation of myocardial Al adenosine receptors.34'35 Indeed, adrenergic activation, consequent to sublingual ISDN administration, could increase potassium concentrations33 and interstitial adenosine,36 facilitating the appearance of ECG alterations and symptoms.
Study Limitations
Our method of performing the two exercise tests before and after ISDN, always in the same order and with an interval of only 30 minutes, might have introduced some bias; however, it seems unlikely that the negative effects observed after ISDN in syndrome X may be related to this study method because opposite effects were found in patients with coronary disease.
The significant increase in resting rate-pressure product after ISDN administration in syndrome X patients may have contributed to the shorter duration of exercise; however, the rate-pressure products at 1-mm STsegment depression and at angina are unlikely to be influenced negatively by the change in basal rate-pressure product induced by ISDN. Although striking, our data have been obtained in a limited number of carefully selected patients. Therefore, more extensive data will be required to better define the actual sensitivity and specificity of nitrate exercise testing in distinguishing patients with angiographically normal coronary arteries from those with flow-limiting stenoses.
Conclusions
Our data show that in patients with anginal chest pain and exercise-induced ST-segment depression, worsening of the results of exercise testing after the administration of sublingual nitrates is highly predictive of the presence of normal coronary arteries at angiography. The failure of nitrates to improve exercise tolerance in patients with syndrome X suggests that a reduction in NO generation at the prearteriolar level is unlikely to have by itself a major pathophysiological role in the syndrome. 
